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ORGANIC LIGHT EMITTING DIODE
PACKAGING METHOD AND PACKAGING

STRUCTURE AND DEVICE HAVING THE
SAME

CROSS-REFERENCE TO RELATED
APPLICATIONS

This application 1s a Section 371 National Stage Appli-
cation of International Application No. PCT/CN2015/
091922, filed on 14 Oct. 2015 and entitled with “ORGANIC
LIGHT EMITTING DIODE PACKAGING METHOD
AND PACKAGING STRUCTURE AND DEVICE HAV-
ING THE SAME”, which claims priority to Chinese Appli-

cation No. 201510333965.7, filed on Jun. 16, 2013, which
are 1ncorporated herein by reference in their entirety.

BACKGROUND

1. Technical Field

The present disclosure relates to the field of electronic
components, and particularly to an organic light emitting
diode packaging method, a packaging structure and an
organic light emitting diode device having the packaging
structure.

2. Description of the Related Art

Organic light emitting diode (OLED) 1s a display and
lighting device that 1s gradually being concerned 1n recent
years, and its characteristic of flexible displaying 1s espe-
cially favored by people. However, OLED devices will be
damaged by corrosion under the action of water vapor and
oxygen, so the OLED devices currently should be protected
by a packaging structure. On the other hand, for achieving
flexibility of the OLED, it 1s required to replace conven-
tional glass substrate by flexible substrate. Flexible sub-
strates used currently mainly includes: ultra-thin glass,
metallic foil, plastic film or the like. Plastic film 1s most used
at present since 1t has characteristics including treatability
and surface smoothness. However, plastic film has lower
barrier property to water and oxygen, and thus a barrier layer
used to obstruct water and oxygen 1s necessary to be added
below electric circuit when plastic film 1s used as a flexible
substrate, so as to ensure the device’s ability of resisting
water and oxygen. Metallic o1l has a strong barrier effect but
has no light transmission property, and thus encounters
certain limitations when 1n use. Ultra-thin glass has perfect
light transmission property and high barrier effect, but 1t 1s
dificult to be processed.

Referring to FIG. 1, which 1s a schematic view showing
a conventional packaging structure for an organic light
emitting diode device, OLED 2 i1s disposed on a f{irst
substrate 1 made of plastic film, a passivation layer 3 for
covering the OLED 2 1s disposed on the OLED 2, and,
encapsulation adhesive 4 1s coated on the first substrate
entirely 1 so that the passivation layer 3 1s covered by the
encapsulation adhesive 4. In addition, a second transparent
substrate 5 1s disposed on the encapsulation adhesive 4. In
this structure, the OLED device adopts a bottom emission
configuration, 1 which light 1s emitted from the first sub-
strate 1 made of plastic film. However, a top emission
configuration, due to its high aperture ratio and micro-cavity
cllect utilization, gets more attentions and 1s expected to be
used 1n OLED device. In addition, although, in this con-
figuration, the encapsulation adhesive 1s adopted to protect
the OLED, water and oxygen will still permeate inside of the
OLED packaging structure through the encapsulation adhe-
sive, which leads to damage to the OLED.
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Thereby, 1t 1s expected to achieve a flexible OLED 1n
which use and structure of a substrate are optimized to
provide an improved packaging eflect so as to manufacture
an OLED device with prolonged service life.

SUMMARY

In accordance with a first aspect of the present invention,
there provides a packaging method for an organic light
emitting diode comprising: providing a first substrate that 1s
made of metallic foil; providing an organic light emitting
diode on the first substrate; providing, outside the organic
light emitting diode, a passivation layer for covering the
organic light emitting diode; coating an encapsulation adhe-
s1ve onto the first substrate entirely, so that the encapsulation
adhesive covers the passivation layer; providing a second
transparent substrate at least on a portion of the encapsula-
tion adhesive covering the passivation layer; and curing the
encapsulation adhesive, to form a package of the organic
light emitting diode.

In accordance with a second aspect of the present mnven-
tion, there provides an organic light emitting diode packag-
ing structure comprising: a first substrate made of metallic
fo1l; an organic light emitting diode provided on the first
substrate; a passivation layer covering the organic light
emitting diode; an encapsulation adhesive provided on the
first substrate entirely, so that the encapsulation adhesive
covers the passivation layer; and a second transparent sub-
strate provided at least on a portion of the encapsulation
adhesive covering the passivation layer.

In accordance with a third aspect of the present invention,
there provides an organic light emitting diode device com-
prising the abovementioned organic light emitting diode
packaging structure.

BRIEF DESCRIPTION OF THE DRAWINGS

Features and advantages of the present invention will
become apparent and more readily appreciated from the
accompanying drawings. It should be understood that the
accompanying drawings are used for schematic purposes,
but not to limit the present invention. In the accompanying
drawings,

FIG. 1 1s a schematic view showing a conventional
packaging structure for an organic light emitting diode
device;

FIG. 2 1s a schematic view showing an organic light
emitting diode packaging structure according to one
embodiment of the present invention;

FIG. 3 1s a schematic view showing an organic light
emitting diode packaging structure according to another
embodiment of the present invention; and

FIG. 4 1s a schematic view showing an organic light
emitting diode packaging structure according to yet another
embodiment of the present invention.

DETAILED DESCRIPTION OF TH.
EMBODIMENTS

(L]

Technical solutions disclosed in these embodiments of the
present mvention will be described heremaftter clearly and
completely with reference to the attached drawings. Obvi-
ously, the embodiments 1illustrated in these drawings are
only some of embodiments of the present invention, instead
of all of the embodiments of the present invention. For those
skilled 1n the art, other embodiments achieved by referring
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to the following embodiments without involving any inven-
tive steps fall into the scope of the present invention.

In addition, 1n the following description, lots of the details
are expounded to provide a full understanding of these
embodiments disclosed, for explanation purposes. Obvi-
ously, however, one or more embodiments can be 1mple-
mented without involving these details. In other situations,
well-known structures and devices are illustrated by a way
of representations 1 order to simplity the drawings.

Referring to FIG. 2, an organic light emitting diode
packaging structure 10 according to one embodiment of the
present invention comprises: a first substrate 11 made of
metallic foil; an organic light emitting diode (OLED) 12
provided on the first substrate 11; a passivation layer 13
covering the organic light emitting diode; an encapsulation
adhesive 14 provided on the first substrate entirely 11, the
encapsulation adhesive 14 covering the passivation layer 13;
and a second transparent substrate 15 provided at least on a
portion of the encapsulation adhesive 14 covering the pas-
sivation layer 13.

In this embodiment, the first substrate 11 i1s made of
metallic foil, and the second substrate 15 1s a transparent
substrate. As a result, a top emission configuration 1s
achieved. And, instead of using generally a plastic film, the
metallic foil 1s used, so that the manufactured tlexible OLED
packaging structure has an enhanced barrier property to
water and oxygen and thus an additional barrier layer 1s
omitted. The second substrate 15 may be made of glass,
quartz, plastic or the like.

In one embodiment, the metallic fo1l comprises stainless
steel fo1l, Invar alloy, Kovar alloy, or the like, having a lower
thermal expansion coeflicient. Use of the metallic foi1l hav-
ing a lower thermal expansion coetlicient can prevent defor-
mation induced by heating in manufacturing process of a
device, thereby avoiding 1t being peeled off from other
structures after being cooled. In a preferred embodiment, the
first substrate has a thickness of 50 um-100 um.

Referring to FIG. 3, in another embodiment of the present
invention, an area of a major surface of the second trans-
parent substrate 15 1s less than an area of a major surface of
the first substrate 11, that 1s, the second transparent substrate
15 1s smaller than the first substrate 11. And, at least one
edge of the first substrate 11 as well as the encapsulation
adhesive 14 provided thereon 1s folded to enwrap a corre-
sponding edge of the second transparent substrate 15. With
such an enwrapping configuration, water and oxygen inva-
sion path 1s prolonged compared to the conventional OLED
packaging structure shown in FIG. 1, enhancing a packaging,
ellect. It should be noted that, “major surface of the sub-
strate” mentioned herein represents a tlat surface defined by
the length and width of the substrate.

In one embodiment, referring to FIG. 3, the edge folded
of the first substrate 11 1s located on the second transparent
substrate 15 within a region, which 1s not served as a light
emitting region, of the second transparent substrate 15,
while the encapsulation adhesive 14 1s provided between the
at least one edge folded of the first substrate 11 and the
second transparent substrate 15. With such a configuration,
on one hand, the edge of the second transparent substrate 135
1s enwrapped by the folded edge of the first substrate 11,
which prolongs a water and oxygen invasion path; on the
other hand, a light output path will not be aflected and thus
a top emission configuration 1s achieved since the portion of
the second transparent substrate 15 serving as the light
emitting region 1s not covered. In a preferred embodiment,

10

15

20

25

30

35

40

45

50

55

60

65

4

a distance from the folded edge of the first substrate 11 to the
corresponding enwrapped edge of the second transparent
substrate 15 1s 0 mm-1 mm.

It should be noted that, at least one edge of the first
substrate 11 1s not folded such that internal circuit of the
OLED packaging structure can be connected to an outside.
Preferably, two opposite edges of the first substrate 11 are
folded to enwrap two corresponding opposite edges of the
second transparent substrate 15.

In one embodiment, a planarization layer 16 may be
provided. Referring to FIGS. 2 and 3, the planarization layer
16 1s provided between the organic light emitting diode
OLED 12 and the first substrate 11, for improving a flatness
of the first substrate 11. The planarnization layer 16 may be
a SIN_, S1Cn or S10,, film having a thickness o1 0.1 um-1 pum,
which 1s formed on the first substrate 11 by means of
chemical vapor deposition (CVD), physical vapor deposi-
tion (PVD) or the like; or may be a plastic film having a
thickness of 0.5 um-1 um, which adheres to the first sub-
strate 11 by being heated or by means of an adhesive. An
area of the planarization layer 16 1s greater than an area of
a portion of the second transparent substrate 15 serving as
the light emitting region but 1s less than a coverage area of
the second transparent substrate 15. The coverage area
indicates an area of the second transparent substrate 15
covering over the encapsulation adhesive 14.

Retferring to FIG. 4, 1n yet another embodiment of the
present invention, a desiccant or waterabsorbent 17 may be
provided, at the corresponding enwrapped edge of the sec-
ond transparent substrate 15. The desiccant or waterabsor-
bent 17 may be at least one of Ca, Ba, Mg, CaO and BaO.

In one embodiment, the encapsulation adhesive 14 may
be UV-curing resin adhesive or heat-curing resin adhesive,
including: homopolymer or copolymer of monomers, such
as epoxy resin, epoxypropyl acrylate, epoxypropyl meth-
acrylate, methyl methacrylate, ethyl methacrylate, n-butyl
methacrylate, poly(6,7-epoxyvheptyl methacrylate), 2-hy-
droxyethyl methacrylate and the like, melamine formalde-
hyde resin, unsaturated polyester resin, silicone resin, furan
resin and the like. In one embodiment, the passivation layer
13 may be formed tfrom one of SiN_, S1CN, S10,,, SINO and
Al,O;, by means of chemical vapor deposition (CVD),
physical vapor deposition (PVD), atomic layer deposition
(ALD) or the like.

In accordance with another aspect of the present mven-
tion, there provides an organic light emitting diode device
comprising the organic light emitting diode packaging struc-
ture according to any one of the abovementioned embodi-
ments.

A packaging method performed by means of the organic
light emitting diode packaging structure according to the
embodiments of the present invention will be further
described hereinatfter 1in details with reference to FIGS. 2-4.

A packaging method for an OLED according to an
embodiment of the present invention comprises: providing a
first substrate 11 that 1s made of metallic foil; providing an
organic light emitting diode OLED 12 on the first substrate
11; providing, outside the organic light emitting diode, a
passivation layer 13 for covering the organic light emitting
diode 12; coating an encapsulation adhesive 14 onto the first
substrate entirely 11, so that the encapsulation adhesive 14
covers the passivation layer 13; providing a second trans-
parent substrate 15 on a portion of the encapsulation adhe-
sive 14 covering the passivation layer 13; and, curing the
encapsulation adhesive 14, to form a package of the organic
light emitting diode. As mentioned above, a flexible OLED
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packaging structure manufactured has an enhanced barrier
property to water and oxygen, and no additional barrier lay

1s required to be added.

In one embodiment, an area of a major surface of the
second transparent substrate 15 1s less than an area of a
major surface of the first substrate 11; and, the packaging
method further comprises: folding, before the curing the
encapsulation adhesive 14, at least one edge of the first
substrate 11 as well as the encapsulation adhesive 14 pro-
vided thereon so that the at least one edge of the first
substrate and the encapsulation adhesive enwrap a corre-
sponding edge of the second transparent substrate 15, as
shown 1 FIG. 3. Here, the metallic foill may comprise
stainless steel fo1l, Invar alloy or Kovar alloy, having a lower
thermal expansion coeflicient. Also, the first substrate 11
may have a thickness of 50 um-100 pm.

Moreover, the step of folding at least one edge of the first
substrate 11 as well as the encapsulation adhesive 14 pro-
vided thereon so that the at least one edge of the first
substrate and the encapsulation adhesive enwrap a corre-
sponding edge of the second transparent substrate 15 com-
prises: folding the at least one edge of the first substrate 11
as well as the encapsulation adhesive provided thereon onto
the second transparent substrate 15 within a region, which 1s
not served as a light emitting region, of the second trans-
parent substrate 15, while the encapsulation adhesive 14 1s
provided between the at least one edge folded of the first
substrate 11 and the second transparent substrate 15. In one
embodiment, a distance from the at least one edge folded of
the first substrate 11 to the corresponding edge enwrapped of
the second transparent substrate 15 1s 0 mm-1 mm.

In one embodiment, the packaging method further com-
prises: providing a planarization layer 16 between the
organic light emitting diode 12 and the first substrate 11. The
planarization layer 16 having a thickness of 0.1 um-1 um
may be formed of a SiN_, SiCN or S10, film, by means of
chemical vapor deposition (CVD), physical vapor deposi-
tion (PVD) or the like; or the planarization layer 16 having
a thickness of 0.5 um-1 um may be formed of a plastic film
adhered by being heated, by means of an adhesive, or the
like.

In one embodiment, the packaging method further com-
prises: providing a desiccant or waterabsorbent 17 at the
corresponding edge enwrapped of the second transparent
substrate 15. The desiccant or waterabsorbent 17 may be at
least one of Ca, Ba, Mg, CaO and BaO.

Herealter are two particular examples of a packaging
method for an organic light emitting diode according to
embodiments of the present invention.

Example 1

Invar alloy having a thickness of 50 um 1s provided as a
first substrate, and, a S1iN_ film having a thickness of 0.5 um,
as a planarization layer, 1s formed by means of CVD on the
first substrate. An OLED 1s manufactured on the planariza-
tion layer. A SiN_ film having a thickness of 1 um, as a
passivation layer, 1s formed by means of CVD and the
passivation layer covers the OLED. Encapsulation adhesive
1s coated onto surface of the first substrate and covers the
first substrate entirely. A plastic film, as a second substrate,
1s provided at least on a portion ol the encapsulation
adhesive covering the passivation layer. An area of a major
surface of the second substrate is less than an area of a major
surface of the first substrate. An edge of the first substrate 1s
tolded to enwrap the second substrate while a light emitting
region 1s exposed, meanwhile one edge of the first substrate
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1s kept unfolded so that a circuit portion can be extended to
outside. Finally, the encapsulation adhesive 1s cured, to form
a packaging structure of the organic light emitting diode.

Example 2

Kovar alloy having a thickness of 100 um 1s provided as
a first substrate, and, a plastic film having a thickness of 0.5
wm, as a planarization layer, 1s adhered evenly by means of
being heated on the first substrate. An OLED structure 1s
manufactured on the planarization layer. An Al,O; film
having a thickness of 0.5 umm, as a passivation layer, 1s
formed by means of atomic layer deposition (ALD) and the
passivation layer covers the OLED. Encapsulation adhesive
1s coated onto surface of the first substrate and covers the
first substrate entirely. A plastic film, as a second substrate,
1s provided at least on a portion ol the encapsulation
adhesive covering the passivation layer. An area of a major
surface of the second substrate 1s less than an area of a major

surface of the first substrate. An edge of the first substrate 1s
folded to enwrap the second substrate while a light emitting
region 1s exposed, meanwhile one edge of the first substrate
1s kept unfolded so that a circuit portion can be extended to
outside. Finally, the encapsulation adhesive 1s cured, to form
a packaging structure of the organic light emitting diode.

Concerning the above, the organic light emitting diode
packaging method, the packaging structure and the organic
light emitting diode device having the abovementioned
packaging structure according to embodiments of the pres-
ent ivention are capable of achuieving an improved pack-
aging effect, acquiring an increased light emitting region and
enhancing a barrier property to water and oxygen, so as to
prolong service life of an organic light emitting diode
device.

Obviously, it would be appreciated by those skilled 1n the
art that various changes or modifications may be made on
these embodiments of the present invention without depart-
ing from the principles and spirit of the present invention.
Accordingly, the present mnvention intends to contain these
changes or modifications 11 they fall into the scope which 1s
defined 1n the claims and their equivalents of the present
invention.

What 1s claimed 1s:
1. A packaging method for an organic light emitting diode,
comprising;

providing a first substrate that 1s made of stainless steel
foil, Invar alloy or Kovar alloy;

providing an organic light emitting diode on the first
substrate;

providing, outside the organic light emitting diode, a
passivation layer for covering the organic light emitting
diode;

coating an encapsulation adhesive onto the first substrate
entirely, so that the encapsulation adhesive covers the
passivation layer;

providing a second transparent substrate at least on a
portion of the encapsulation adhesive covering the
passivation layer, wherein an area of a major surface of
the second transparent substrate 1s less than an area of
a major surface of the first substrate;

folding at least one edge of the first substrate as well as the
encapsulation adhesive provided thereon so that the at
least one edge of the first substrate and the encapsula-
tion adhesive enwrap a corresponding edge of the
second transparent substrate;
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filling completely a desiccant or a water absorbent at the
corresponding edge enwrapped of the second transpar-
ent substrate; and

curing the encapsulation adhesive, to form a package of

the organic light emitting diode.

2. The packaging method of claim 1, wherein, the step of
folding at least one edge of the first substrate as well as the
encapsulation adhesive provided thereon so that the at least
one edge of the first substrate and the encapsulation adhesive
enwrap a corresponding edge of the second transparent
substrate comprises: folding the at least one edge of the first
substrate as well as the encapsulation adhesive provided
thereon onto the second transparent substrate within a
region, which 1s not served as a light emitting region, of the
second transparent substrate, while the encapsulation adhe-
s1ve 1s provided between the at least one edge folded of the
first substrate and the second transparent substrate.

3. The packaging method of claim 1, further comprising:
providing a planarization layer between the organic light
emitting diode and the first substrate.

4. The packaging method of claim 1, wherein, the step of
folding at least one edge of the first substrate as well as the
encapsulation adhesive provided thereon so that the at least
one edge of the first substrate and the encapsulation adhesive
enwrap a corresponding edge of the second transparent
substrate comprises: folding two opposite edges of the first
substrate as well as the encapsulation adhesive provided
thereon so that they enwrap two corresponding edges of the
second transparent substrate.

5. The packaging method of claim 1, wherein, the first
substrate has a thickness of 50 um-100 pm.

6. An organic light emitting diode packaging structure,
comprising:

a first substrate made of stainless steel foil, Invar alloy or

Kovar alloy;

an organic light emitting diode provided on the first

substrate;

a passivation layer covering the organic light emitting

diode;

an encapsulation adhesive provided on the first substrate

entirely, so that the encapsulation adhesive covers the
passivation layer; and

a second transparent substrate provided at least on a

portion of the encapsulation adhesive covering the
passivation layer;

wherein, an area of a major surface of the second trans-

parent substrate 1s less than an area of a major surface
of the first substrate; and, at least one edge of the first
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substrate as well as the encapsulation adhesive pro-
vided thereon 1s folded to enwrap a corresponding edge
of the second transparent substrate; and a desiccant or
a water absorbent 1s filled completely at the corre-
sponding edge enwrapped of the second transparent
substrate.

7. The packaging method of claim 6, wherein, a distance
from the at least one edge folded of the first substrate to the
corresponding edge enwrapped of the second transparent
substrate 1s 0 mm-1 mm.

8. The organic light emitting diode packaging structure of
claiam 6, wherein, the edge folded of the first substrate is
located on the second transparent substrate within a region,
which 1s not served as a light emitting region, of the second
transparent substrate, while the encapsulation adhesive 1s
provided between the at least one edge folded of the first
substrate and the second transparent substrate.

9. The organic light emitting diode packaging structure of
claim 8, wherein, a distance from the at least one edge folded
of the first substrate to the corresponding edge enwrapped of
the second transparent substrate 1s O mm-1 mm.

10. The organic light emitting diode packaging structure
of claim 6, further comprising: a planarization layer pro-
vided between the organic light emitting diode and the first
substrate.

11. The organic light emitting diode packaging structure
of claim 10, wherein, an area of the planarization layer 1s
greater than an area of a portion of the second transparent
substrate serving as the light emitting region but 1s less than
a coverage area of the second transparent substrate.

12. The organic light emitting diode packaging structure
of claim 6, wherein, the desiccant or the waterabsorbent 1s
at least one of Ca, Ba, Mg, CaO and BaO.

13. The organic light emitting diode packaging structure
of claim 6, wherein, the at least one edge of the first substrate
comprises two opposite edges of the first substrate.

14. The organic light emitting diode packaging structure
of claim 6, wherein, the passivation layer 1s formed from one
of S1IN_, S1CN, S10,, S1INO and Al,QO,.

15. The organic light emitting diode packaging structure
of claim 6, wherein, the organic light emitting diode pack-
aging structure 1s for a top emission configuration.

16. An organic light emitting diode device, comprising an
organic light emitting diode packaging structure of claim 6.

17. The organic light emitting diode packaging structure
of claim 6, wherein, the first substrate has a thickness of 50
um-100 pum.
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